A mutational mimic analysis of histone H3 post-translational modifications: specific sites influence the conformational state of H3/H4, causing either positive or negative supercoiling of DNA.
Histone H3 has specific sites of post-translational modifications that serve as epigenetic signals to cellular machinery to direct various processes. Mutational mimics of these modifications (glutamine for acetylation, methionine and leucine for methylation, and glutamic acid for phosphorylation) were constructed at the relevant sites of the major histone variant, H3.2, and their effects on the conformational equilibrium of the H3/H4 tetramer at physiological ionic strength were determined when bound to or free of DNA. The deposition vehicle used for this analysis was NAP1, nucleosome assembly protein 1. Acetylation mimics in the N-terminus preferentially stabilized the left-handed conformer (DNA negatively supercoiled), and mutations within the globular region preferred the right-handed conformer (DNA positively supercoiled). The methylation mimics in the N-terminus tended to maintain characteristics similar to those of wild-type H3/H4; i.e., the conformational equilibrium maintains similar levels of both left- and right-handed conformers. Phosphorylation mimics facilitated a mixed effect, i.e., when at serines, the left-handed conformer, and at threonines, a mixture of both conformers. When double mutations were present, the conformational equilibrium was shifted dramatically, either leftward or rightward depending on the specific sites. In contrast, these mutations tended not to affect the direction and extent of supercoiling for variants H3.1 and H3.3. Variant H3.3 promoted only the left-handed conformer, and H3.1 tended to maintain both conformers. Additional experiments indicate the importance of a propagation mechanism for ensuring the formation of a particular superhelical state over an extended region of the DNA. The potential relevance of these results to the maintenance of epigenetic information on a gene is discussed.